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(54) DRY ETCHING METHOD 

(57)Abstract: 

PURPOSE: To dry-etch a film consisting essentially of group VIA 
elements in periodic table at a high rate and selectivity by using a 
gas contg. a compd. of nitrogen and oxygen and a compd. of 
oxygen and hydrogen. 

CONSTITUTION: A film consisting essentially of group VIA 
elements in periodic table, especially Cr, Mo and W, is formed on a 
substrate. The film is dry-etched by using a gas contg. a compd. of 
nitrogen and oxygen such as N02 formed by converting a gaseous 
mixture of 02 and N2 to plasma and a compd. of oxygen and 
hydrogen such as H20. By this method, since the film consisting 
essentially of Cr, Mo and W is etched with high slectivity to the 
silicon oxide film, a highly reliable wiring is formed. 
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1 This document has been translated by computer. So the translation may not reflect the original precisely. 
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3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] a substrate top — the [ periodic table ] — the process which forms the film which uses 6A 
group's element as a principal component, and the gas containing the compound of nitrogen and oxygen, 
and the compound of oxygen and hydrogen — using — the [ said / periodic table ] — the dry etching 
approach characterized by carrying out dry etching of the film which uses 6A group's element as a principal 
component. 

[Claim 2] the compound of said nitrogen and oxygen — N02 it is — the dry etching approach according to 
claim 1 characterized by things. 

[Claim 3] It is the compound of said nitrogen and oxygen 02 N2 The dry etching approach according to 
claim 1 characterized by plasma-izing mixed gas and forming it. 

[Claim 4] The compound of said oxygen and hydrogen is the dry etching approach according to claim 1 
characterized by being water (H2 O). 

[Claim 5] a substrate top — the [ periodic table ] — the process which forms the film which uses 6A 
group's element as a principal component, and the gas which does not contain a halogen, including nitrogen 
and oxygen — using — the [ said / periodic table ] — the dry etching approach characterized by carrying 
out dry etching of the film which uses 6A group's element as a principal component. 

[Claim 6] The dry etching approach according to claim 5 characterized by including hydrogen further to the 
gas which does not contain a halogen, including said nitrogen and oxygen. 

[Claim 7] a substrate top — the [ periodic-table ] — the process which forms the film which uses 6A 
group's element as a principal component, and the gas containing nitrogen and oxygen — the [ said / 
periodic-table ] — the film which uses 6A group's element as a principal component — supplying — the 
[ said / periodic-table ] — the compound which consists of 6A group's element, nitrogen, and oxygen — 
forming — the [ said / periodic-table ] — the dry-etching approach characterized by to carry out dry 
etching of the film which uses 6A group's element as a principal component. 

[Claim 8] hydrogen is further included to the gas containing said nitrogen and oxygen — making — the 
[ said / periodic table ] — the dry etching approach according to claim 7 characterized by forming as a 
hydrate the compound which consists of 6A group's element, nitrogen, and oxygen. 

[Claim 9] the [ said / periodic table ] — the dry etching approach claims 1 and 5 characterized by the film 
which uses 6A group's element as a principal component being the chromium film or chromic-acid-ized 
film, or given in seven. 

[Claim 10] the [ said / periodic-table ] — the dry etching approach claims 1 and 5 characterized by the 
film which uses 6A group's element as a principal component being the tungsten film or molybdenum film, 
or given in seven. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the dry etching approach of chromium, 

molybdenum, and the tungsten system film with respect to the dry etching approach. 

[0002] 

[Description of the Prior Art] Before, the chromium system film is deposited on a transparent glass 
substrate or a quartz substrate, and the photo mask which carried out patterning of this is used. Having 
the property which was [ use / since adhesion is good, when the chromium system film had the high 
protection-from-Iight nature of light, and was hard, and it is used for mask material to a substrate / film / 
it being durable and washing it repeatedly ] excellent is known. However, the pattern formation by dry 
etching is difficult, and the pattern formation by wet etching has mainly been used. 

[0003] Next, this approach and trouble are explained. The resist film of a desired pattern is formed on the 
chromium system film using the usual lithography technique, etching reagents, such as the second cerium- 
nitrate ammonium solution, are used for a mask for the resist, and pattern formation of the chromium 
system film is performed. However, there were a problem which the deficit of a pattern generates from air 
bubbles adhering to a substrate in the case of the pattern formation by wet etching, and a problem with it 
very difficult [ for a conversion difference to arise between a resist pattern and the pattern of the done 
chromium system film, and to form the detailed pattern below submicron one, in order that etching may 
progress isotropic ]. Moreover, the problem to which the corner of a pattern becomes round existed. 
[0004] Then, although the pattern formation (JP,58-1 68235.A, JP,58-153333,A, JP,3-33848,A) by the dry 
etching using chlorine-based gas was tried, sufficient etching rate had the problem that it was not 
obtained. Moreover, since gas, such as chlorine, a nitrogen dioxide, and a carbon monoxide, had corrosive 
and was toxic, when it used these gas, it also had the problem that handling was troublesome. Furthermore, 
there was a problem of being unable to carry out selective etching of the chromium film by sufficient 
selection ratio. 

[0005] Moreover, although the dry etching using a chlorine system and fluorine system gas was examined 
also about dry etching deposited on silicon oxide, such as molybdenum and a tungsten, there was a 
problem that the etch selectivity to the silicon oxide of molybdenum and a tungsten was small. 
[0006] 

[Problem(s) to be Solved by the Invention] As stated above, there were a problem which the pattern defect 
by adhesion of air bubbles generates in the pattern formation approach by the conventional wet etching, 
and a problem with it difficult [ to form the detailed pattern below submicron one, since a pattern 
conversion difference arises ]. 

[0007] Moreover, in the pattern formation approach by the conventional dry etching, in order to use the 
gas which has corrosive [ of the problem from which a sufficient etch rate or etch selectivity are not 
obtained, a chlorine, a nitrogen dioxide, a carbon monoxide, etc., etc. ], and is toxic, there was a problem 
that handling was troublesome. 

[0008] the [ which this invention was made in view of the above-mentioned actual condition, and solved 
troubles, such as the above-mentioned etch rate and etch selectivity, / periodic-table ] — it aims at 
offering the dry etching approach of the film which uses 6A group element as a principal component. 
[0009] 



[Means for Solving the Problem] in order to solve the problem mentioned above — this invention — a 
substrate top — the [ periodic table ] — the process which forms the film which uses 6A group's element 
as a principal component, and the gas containing the compound of nitrogen and oxygen, and the compound 
of oxygen and hydrogen — using — the [ said / periodic table ] — the dry etching approach characterized 
by carrying out dry etching of the film which uses 6A group's element as a principal component is offered. 
[0010] moreover, this invention — a substrate top — the [ periodic table ] — the process which forms the 
film which uses 6A group's element as a principal component, and the gas which does not contain a 
halogen, including nitrogen, oxygen, and hydrogen — using — the [ said / periodic table ] — the dry 
etching approach characterized by carrying out dry etching of the film which uses 6A group's element as a 
principal component is offered. 

[001 1] moreover, this invention — a substrate top — the [ periodic-table ] — the process which forms the 
film which uses 6A group's element as a principal component, and the gas containing nitrogen and oxygen - 
- the [ said / periodic-table ] — the film which uses 6A group's element as a principal component — 
supplying — the said / periodic-table ] — the compound which consists of 6A group's element, nitrogen, 
and oxygen — forming — the said / periodic-table ] — the dry-etching approach characterized by to 
carry out the dry etching of the film which uses 6A group's element as a principal component offers. 
[0012] Here, the desirable mode of above-mentioned this invention is as follows. 

(1) the compound of said nitrogen and oxygen — N02 it is . 

(2) It is the compound of said nitrogen and oxygen 02 N2 Plasma-ize mixed gas and form it. 
[0013] (3) The compound of said oxygen and hydrogen should be water (H2 O). 

(4) Include hydrogen further to the gas which does not contain a halogen, including said nitrogen and 
oxygen. 

[0014] (5) hydrogen is further included to the gas containing said nitrogen and oxygen — making — the 
[ said / periodic table ] — form as a hydrate the compound which consists of 6A group's element, nitrogen, 
and oxygen. 

(6) the [ said / periodic table ] — the film which uses 6A group's element as a principal component should 
be the chromium film or chromic-acid-ized film. 

[0015] (7) the [ said / periodic-table ] — the film which uses 6A group's element as a principal component 
should be the tungsten film or molybdenum film. 

(8) The gas which does not contain a halogen, including said nitrogen and oxygen should be gas containing 
the compound of nitrogen and oxygen, and the compound of oxygen and hydrogen. 

(9) The gas in which hydrogen was further included to the gas containing said nitrogen and oxygen should 
be gas containing the compound of nitrogen and oxygen, and the compound of oxygen and hydrogen. 
[0016] 

[Function] the [ former and periodic-table ] — since the film which uses 6A group's element as a principal 
component, especially the chromium system film could not make a compound with high vapor pressure 
easily, they had the problem that where of the etch rate in dry etching was low, but when this invention 
persons repeated examination wholeheartedly, even if the nitrogen oxides of the film which uses the 
above-mentioned group's element as a principal component, especially the chromium system film had high 
vapor pressure and it did not use chlorine-based gas, it found out that a sufficiently high etching rate was 
obtained. 

[0017] Then, according to the dry etching approach of this invention, dry etching of this film can be carried 
out by forming the compound which supplies the gas containing nitrogen and oxygen to the film used as a 
principal component, especially the chromium system film, and consists the above-mentioned group's 
element of the above-mentioned group's element, nitrogen, and oxygen in it. Thereby, an etch rate is high 
and pattern formation, such as chromium system film without a defect, becomes possible. 
[0018] moreover, the dry etching approach by this invention — the [ other than the chromium system 
film / periodic-table ] — when 6A group's element is used for etching of the film used as a principal 
component, for example, molybdenum, the tungsten system film, etc., it is possible to take the very large 
etch selectivity between the substrate film, for example, silicon oxide, and molybdenum and the tungsten 
film. 

[0019] including hydrogen further to the gas which contains the above-mentioned nitrogen and oxygen 
further again — the [ above-mentioned / periodic table ] — if the compound which consists of 6A group's 
element, nitrogen, and oxygen is formed as a hydrate — more — an etch rate — high — carrying out — 



. the [ above-mentioned / periodic table ] — it becomes possible to carry out pattern formation of the film 
which uses 6A group's element as a principal component, 
[0020] 

[Example] Hereafter, the example of the dry etching approach by this invention is explained, referring to a 
"drawing. 

(Example 1) First as shown in drawing 1 (a), it is 500A (angstrom.) about the chromium film 12 by the 
spatter on the quartz substrate 11. The same is said of the following. Targets, such as chromium, and 02 
500A is formed for the chromic-acid-ized film 1 3 by the reactant spatter using gas. About 1 micrometer of 
the usual resists 14 is formed in besides, and the resist pattern 14 which exposes and develops this 
alternatively and is shown in drawing 1 (b) is formed. Here, the oxide film 12 of chromium carries out the 
role of the antireflection film for controlling the reflected light from the chromium film 11, and performing 
patterning of a high precision, when exposing a resist. 

[0021] Next, the above-mentioned substrate 1 1 is set in the etching system shown in drawing, 2 , and 
etching of the chromium film 1 2 and the chromic-acid-ized film 1 3 is performed. As shown in drawing 2 , 
the sample base 21 is installed in the interior of the reaction container (etching chamber) 20 of this etching 
system, and a sample 22 (here quartz substrate 1 1.) is set on this sample base 21. 

[0022] Moreover, 23 is an ozonizer (gas excitation section), by impressing the high voltage to the electrode 
in this ozonizer 23 (not shown), oxygen gas, nitrogen gas, etc. are excited and ozone and nitrogen oxides 
produce it. 24a and 24b are gas installation tubing, and oxygen gas and nitrogen gas flow the inside of these 
gas installation tubing 24a and 24b, respectively, and they are mixed in an ozonizer 23. 
[0023] The gas installation tubing 25 is formed between an ozonizer 23 and the reaction container 20, and 
the ozone and nitrogen oxides which were produced in the ozonizer 23 pass along the gas installation 
tubing 25, and are supplied to the interior of the reaction container 20 from the shower head 26. 27 is an 
exhaust pipe which exhausts the gas inside the reaction container 20. 

[0024] D rawin g 3 is the property Fig. showing the etch rate of the chromium film at the time of changing 
the mixing ratio of the oxygen which is material gas, and nitrogen, and the chromic-acid-ized film using the 
above-mentioned etching system. The pressure in the reaction container 20 is 101.3x103 Pa, and adjusted 
the power impressed to the electrode of an ozonizer 23 so that ozone gas concentration may become 8vol 
(s)%. The quantum of the nitrogen-oxides concentration at this time was carried out by the ion 
chromatograph. When the amount of nitrogen mixing was 0, etching did not take place, but the etch rate of 
the chromium film and the chromic-acid-ized film has been etched by the etching rate of 500 A/min, 
respectively, when the amount of nitrogen mixing was 0.6% or more. Moreover, when 500 ppm of water were 
supplied by carrying out bubbling of the nitrogen gas in water, and supplying in the direct reaction container 
20 at this time, without exciting bubbling gas and the amount of nitrogen mixing was 0.6% or more, the etch 
rate of the chromium film and the chromic-acid-ized film became 700 A/min. 

[0025] Although the mechanism of such etching is not clear, it is thought that chromium and a chromic- 
acid ghost are etched as a hydrate (for example, nine hydrates) of a chromium nitrate and a chromium 
nitrate etc. 

[0026] By the etching approach described above, the chromium film 12 and the chromic-acid-ized film 13 
are etched isotropic, and are processed into a configuration as shown in drawing 1 (c). Then, although there 
was a pattern conversion difference when the resist pattern 14 was removed, the pattern of the chromium 
system film with the high dependability which does not have a pattern deficit as shown in drawing 1 (d) was 
able to be formed. 

[0027] In addition, if water is supplied with ozone and nitrogen oxides in the reaction container 20 as 
described above, the etch rate of the chromium film 12 and the chromic-acid-ized film 13 will improve, and 
more nearly high-speed patterning will become possible. 

[0028] Moreover, in the above-mentioned example, when these gas was excited with this plasma generator 
using the plasma generator by microwave etc. instead of an ozonizer 23, using oxygen gas and nitrogen gas 
as material gas and it supplied in the reaction container 20, chromium and a chromic-acid ghost were able 
to be etched similarly. 

[0029] (Example 2) First, as shown in drawing 4 (a), sequential formation of the chromium film 12, the 
chromic-acid-ized film 13, and the resist 14 is carried out on the quartz substrate 11, and patterning of the 
resist 14 is carried out using a lithography technique. So far, they are the process shown in drawing. 1 (a) of 
the above-mentioned example 1, and (b), and the same process. 



[0030] Next, the above-mentioned substrate 1 1 is set in the parallel monotonous mold etching system 
shown in d rawin g 5 , and the chromium film 12 and the chromic-acid-ized film 13 are etched by using a 
resist pattern 1 4 as a mask. 

[0031] As shown in drawin g 5 , the sample base 31 which served as cathode is installed in the interior of 
the reaction container (etching chamber) 30 of this etching system, and a sample 34 (here quartz substrate 
11.) is set on this sample base 31. 

[0032] Moreover, 32 is a 13.56MHz RF generator, and it connects with the sample base 31 which served as 
cathode electrically, and it has the composition that high-frequency power can be impressed to the sample 
base 31. On the other hand, the reaction container 30 is grounded and is in the condition that the shower 
head 37 which served as the anode plate mentioned later was grounded similarly. 33 is the spacer formed 
in order to insulate between the sample bases 31 and the reaction containers 30 which served as cathode. 
[0033] 35a and 35b are nitrogen-dioxide (N02) gas 2, respectively. And it is gas installation tubing which 
lets nitrogen (N2) gas pass, and these gas installation tubing 35a and 35b joins, and is connected to the 
reaction container 30 through the gas installation tubing 36. The gas supplied from the gas installation 
tubing 36 is supplied to the interior of the reaction container 30 through the shower head 37. 38 is an 
exhaust pipe which exhausts the gas inside the reaction container 20. 

[0034] It sets to the etching system constituted as mentioned above, and is N02. Gas 2 And N2 Gas is 
supplied to the interior of the reaction container 30, and these gas is plasmaHzed by discharge by the 
high-frequency power from RF generator 32. Thus, the chromium film and the chromic-acid-ized film are 
etched by the plasma-ized gas. 

[0035] At this example, it is N02 as etching conditions. 100sccm(s) and N2 quantity of gas flow was set as 
100sccm(s), 1Pa and high frequency impression power were set [ the quantity of gas flow ] as 500W for the 
pressure, and the chromium film 12 and the chromic-acid-ized film 13 were etched. The etch rates of the 
chromium film 12 and the chromic-acid-ized film 13 were 1500 A/min and 1700 A/min, respectively. 
Consequently, the chromium film 12 and the chromic-acid-ized film 13 were etched into the configuration 
as shown in d rawin g 4 (a). Then, when the resist pattern 14 was removed, the pattern of the detailed 
chromium system film without a pattern conversion difference was able to be formed ( drawing 4 (b)). 
[0036] Here, it is N02. Gas and N2 It is N2 although etching by gas was described. Gas and 02 The same 
effectiveness was acquired even if it used gas. Moreover, although the chromium system film was etched 
into the mask for the resist in the above-mentioned example, the etch selectivity of the chromium system 
film and resist by the above-mentioned etching approach is small, and when it uses silicon oxide as an 
etching mask instead of a resist for this reason, it is more desirable. In this case, it is good to deposit 
silicon oxide by the spatter on the chromium film and the chromic-acid-ized film, to prepare a resist 
pattern on this silicon oxide, to etch the above-mentioned silicon oxide by fluorine system gas by using 
this resist pattern as a mask, and to etch the chromium system film by the above-mentioned approach by 
using this silicon oxide as a mask after this. 

[0037] (Example 3) First, as shown in drawing 6 (a), diffusion layer 61a used as the source and a drain is 
formed in the front face of the Si substrate 61, and silicon oxide 62 is formed by the plasma-CVD method 
on the Si substrate 61 containing this diffusion layer 61a. Next, the contact hole 63 which passes to 
diffusion layer 61a which becomes the above-mentioned source and a drain at this silicon oxide 52 is 
formed, and the titanium silicide film 64 is alternatively formed in the diffusion layer 61a front face of this 
contact hole 63 pars basilaris ossis occipitalis. The titanium silicide film 64 is formed with a well-known 
spatter, a well-known CVD method, etc. 

[0038] Next, the interior of a contact hole 63 is made to carry out selective growth of the tungsten film 65, 
as shown in drawjng 6 (b). As material gas, it is WF6. SiH4 It used, and deposition conditions set deposition 
temperature as 200 degrees C, and set the pressure as 20Pa. At this time, tungsten grain 65a grew 
partially also on silicon oxide 62 other than contact hole 63. 

[0039] Then, as shown in drawing 6 (c), as a result of etching this sample using the etching system shown 
in drawing 2 , etching removal of the tungsten grain 65a which grew partially on silicon oxide 62 was able to 
be carried out. Etching conditions set the pressure as 101.3x103 Pa, using oxygen gas of the 1% of the 
amounts of nitrogen mixing as material gas. Moreover, the power impressed to the electrode of an ozonizer 
23 so that ozone gas concentration may become 8vol(s)% was adjusted. It carried out for 1 minute on this 
condition. There was a 100 more than selection ratio of tungsten grain 65a and silicon oxide 62. 
[0040] The condition when carrying out plasma etching as an example of a comparison using conventional 



fluorine system gas (SF6 or CF4) is shown in drawing 7 (a). Although tungsten grain 65a can carry out 
etching removal since the selection ratio of tungsten grain 65a and silicon oxide 62 is as small as 1 ? the 
silicon oxide 62 of the perimeter of tungsten grain 65a will be able to be scooped out, and concave heights 
62ar will arise on the front face. For this reason, when aluminum film used as the IstHayer wiring was 
formed on it and patterning of this aluminum film was carried out to a wiring configuration, the problem 
which the etching remainder of aluminum produces was in concave heights 62a. 

[0041] By forming aluminum film used as the IstHayer wiring finally on the tungsten film 65 made to save 
at the process of drawing 6 (c), and carrying out patterning of this aluminum film to a wiring configuration, 
as shown in drawing 7 (b), the IstHayer aluminum wiring 66 is formed. 

[0042] As mentioned above, if the dry etching approach by this invention is used, since a tungsten grain 
can be etched by the high selection ratio to silicon oxide, wiring of high dependability can be formed. 
[0043] In addition, in this example, although how to form the tungsten film in the interior of the contact 
hole which is well-informed about the source and a drain diffusion layer alternatively was described, also 
when forming the tungsten film in the interior of the beer hall which connects the IstHayer aluminum 
wiring and the 2ndHayer aluminum wiring alternatively, it cannot be overemphasized that this invention is 
applicable. 

[0044] As mentioned above, although the example of this invention was explained, this invention is not 
limited to the above-mentioned example. For example, in the above-mentioned example, although etching 
of chromium, chromic oxide, and a tungsten was described, it is not restricted to this and this invention has 
the same effectiveness also about etching of tungstic oxide, molybdenum, and molybdenum oxide. 
[0045] moreover — as the compound of nitrogen and oxygen — N02 others — NO, N2 O, and N 205 etc. 

— using is possible. Furthermore, the approach of forming the compound of nitrogen and oxygen is not 
restricted to the above-mentioned example, but other PURAZUMASO-SU, for example, ECR, Helicon, etc. 
can be used for it. The excitation approach by light, an electron beam, etc. can also be used further again. 
[0046] furthermore — as the compound of oxygen and hydrogen — everything but H2 O — H2 02 etc. — 
using is possible. Moreover, these compounds are H2. 02 It is also possible to make mixed gas react and to 
form. Furthermore, in the above-mentioned example, although introduced into the direct reaction container, 
without exciting the above-mentioned gas, it is also possible to excite by the excitation approach shown in 
each above-mentioned example, and to introduce the excited gas into the above-mentioned reaction 
container. In addition, it is possible to deform variously and to carry out in the range which does not 
deviate from the summary of this invention. 

[0047] 

[Effect of the Invention] according to the dry etching approach by this invention — the [ periodic-table ] - 

- it becomes it is possible to etch the film which uses 6A group's element as a principal component by the 
high etch rate and high etch selectivity, and possible to form a pattern without a defect easily. 



[Translation done.] 
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